In 2009 the FDA noted reports of esophageal cancer in persons who had received alendronate or other bisphosphonates. It called for the evaluation of these agents as risk factors.
In response to Wysowski's letter, correspondents noted the short time interval between treatment and cancer diagnosis, the lack of an expected count of cases in bisphosphonate users against which to judge the number reported, the many bisphosphonate users worldwide and the voluntary nature of the FDA reporting system [2] . Two writers found lower rates of esophageal cancer in bisphosphonate users than in comparison groups in previously collected data [3, 4] . As a consequence of the FDA report, we initiated research using the General Practice Research Database in the UK (now the Clinical Practice Research Datalink, or CPRD).
Study subjects were women age 55 and older with records in the GPRD from 1996 forward. The study drugs were alendronate (trade name Fosamax), etidronate (Didronel), risedronate (Actonel), ibandronate (Boniva), raloxifene (Evista) and calcitonin (Calcinar, Miacalcic, Calcitare, Forcaltonin). There being only 29 users of calcitonin among over 300,000 match set members in the case-cohort design (see the next paragraph) and no cases of esophageal cancer among them, calcitonin has been dropped from the remainder of this report. There were two analytic designs, case-cohort and intent-to-treat. In the first, cases of esophageal cancer were compared to a sample of the general population; in the second, comparison cohorts were defined by having received (or not) a first prescription for a study drug and the cohorts were followed forward for the occurrence of cancer [5] . The case-cohort study included more cases, but the intent-to-treat analysis had nearly complete chart review and was better suited for elucidating time effects and accounting for therapeutic changes.
The GPRD was a repository of electronic medical records from over 600 general practices in the United Kingdom [6] . Maintained since 1987 and most recently encompassing 68 million person-years * of history on 11 million people, the data described encounters between patients and their general practices, including prescriptions written. Under UK law, patients had the right to have data about them withheld or removed from the research database. In the UK National Health Service, information on non-GP care flows back to the general practice. The Medicines and Healthcare Products Regulatory Agency promoted and regulated research uses of the GPRD and the current CPRD [7] . This study received ethical approval from the GPRD's Independent Scientific Advisory Committee.
For each subject, we identified the characteristics listed in Table 1 , using the case onset date as the reference point for all the timedependent variables. Endoscopy, alcohol consumption, smoking and BMI were lagged by the amounts indicated to avoid influence by early manifestations of as-yet undiagnosed esophageal cancers.
Case-cohort design
Women born between 1922 and 1953 became eligible for inclusion on the later of January 1, 1996, their 55 th birthdays or upon completing 720 days (that is, 24 30-day "months") in an up-to-standard practice as defined by the GPRD, through the end of 2008. Women remained eligible until death, change of GP or December 31, 2009, whichever came earliest. Otherwise eligible women were removed from the study population at first recorded receipt of chemo-or radiotherapy or upon the recording of a diagnosis of Paget's disease or esophageal cancer.
Cases
A GPRD Medical Code for esophageal cancer qualified a woman as a candidate case. For all candidates in the intent-to-treat analysis (see below), for those with insufficient electronic information for case adjudication and for a random sample of the rest, GPRD staff contacted the GP. Practices were asked to review paper and electronic data and return supporting documentation for the diagnosis of esophageal cancer, the cell type, and the probable dates of symptomatic onset. Cases for which GP review was not done were adjudicated on the basis of the EMR .
Population comparison sample
The comparison subcohort was a random sample of 25,000 drawn from the pool of all eligible women. For each case, we chose matched comparators, these being all women in the sample who met eligibility criteria on the case's onset date and who had the same year of birth.
Exposure to each study drug and the number of calendar months in which each was prescribed were noted up to 720 days before onset. First use of study drugs closer to onset ("recent initiation") was also noted, but was considered a priori to potentially reflect only pre-existing cancers and concomitant conditions. Table 1 : Reference points for the definition of time-dependent covariates in case-cohort and intent-to-treat designs * One person observed for one year constitutes a person-year of observation. Fractional person-years are permissible.
Covariates

Analysis
The effects of covariates and drugs on the occurrence of esophageal cancer were evaluated through matched logistic regression in the case-cohort analysis. In the intent-to-treat analysis, a proportional hazards regression model was used, with stratification on year of birth, calendar quarter of cohort entry, and exposure history. Both analyses yield an estimated hazard ratio, or instantaneous relative risk, as a measure of association. In both, we used a robust variance estimator to account for the participation of individuals in multiple matched sets or cohort strata [8] . The design thus follows Hernán and colleagues' proposal to account for exposure changes in an intent-to-treat analysis by allowing a subject new cohort entry without removal from a previously entered cohort [9] [10] [11] .
Results
There were 684,815 women age 55+, born 1922-1953, with more than 720 days experience and at least one of their eligible days occurring between the beginning of 1996 and the end of 2008. 929 developed esophageal cancer, of which 159 (17.1%) had documentation as squamous cell carcinoma, 145 (15.6%) as adenocarcinoma ( Table 2 ). 
Intent-to-treat design
Women using a study drug entered an intent-to-treat cohort at first recorded prescription between 1996 and 2008, provided that they possessed the eligibility criteria given above. Participation was further limited to women cared for in practices that continued to exist in 2011, to facilitate review of charts. Women who began different study drugs at different times were permitted to enter the cohort repeatedly as if they were different women. For each initiator we sought four contemporaneously study-eligible nonusers who had the same year of birth and who had exactly the same prior use of other study drugs.
To derive a baseline model for each analysis, we examined all of the covariates simultaneously, plus recent initiator status for each of the study drugs, and used backwards selection with a retention criterion of p<0.2. Estimated effects for "All Bisphosphonates" were based on coefficients from models that included covariates and individual study drugs. The summary hazard ratio estimate was based on the inverse-variance-weighted mean of the drug-specific coefficients on the scale of natural logarithms. (Covariances between these estimates were extremely small). 
Case-Cohort Intent-to-Treat
Case-cohort study
The 25,000 women in the random sample provided 338,911 comparison woman-days for the risk sets of the 929 cases. The risk sets were defined by observation date, and were matched on birth year.
Potential confounders were those characteristics that were more prevalent in esophageal cancer patients than in non-patients and were also more prevalent among users of bisphosphonates than nonusers. Table 3 describes the patients and the comparators at the time of cancer onset. Cases and the women in comparator sample had different prevalences of most covariates, with recent initiation of study drugs, endoscopy, reflux disease and its treatment, smoking, prior use of systemic steroids, indicators of alcohol-associated disease and low BMI being more common in cases. Table A1 for the relations between drug use and covariates. By comparison to nonusers in the comparison sample, those who received bisphosphonates (and to a smaller degree, raloxifene) had higher prevalence of prior endoscopy, reflux disease and its treatment, former but not current smoking, use of systemic steroids and low BMI. With adjustment for the possible confounding factors, exposure at least two years previously, estimated for all bisphosphonates together, was associated with a hazard ratio of 1.3 (Table 4 ; 95% CI 1.0-1.7) for the occurrence of esophageal cancer. There were elevated hazard ratios associated with increasing use of anti-reflux medications, heavy alcohol use, very low BMI and smoking. Recent initiation of both etidronate and raloxifene was associated with increased risk. Appendix Table A2 presents results by cell type. Cases recorded as adenocarcinoma and those recorded as squamous cell carcinoma had risk elevations that were similar to one another with respect to the study drugs.
See Appendix
Per protocol, the initial modeling of exposure had included both indicator terms for study drugs and the number of calendar months in which each study drug had been prescribed. In no case did inclusion of the months of use add significantly to the prediction of cancer. To further evaluate this, we examined the distribution of study drug exposures for different times prior to onset, and found no trends that might suggest a need to account for the timing or the amount of bisphosphonate use. 
Intent-to-treat study
There were 78,360 cohort entrants using study drugs and 300,610 comparators, with 297 cases producing 391 cohort events, for an overall incidence rate of 32 per 100,000 per year (The larger number of events results from subjects who were in more than one cohort at the time of cancer onset. The person-time is correspondingly expanded.) Differences in the composition of the treated and comparison cohorts at the beginning of treatment (Appendix Table A3 ) were similar to the relations between treatments and covariates seen cross-sectionally at the time of disease onset (Appendix Table A1 ). The relative risks associated with study drugs in the intent-to-treat analysis (Appendix Tables A4a-A4d) showed no pattern of increasing relative risk with increasing duration of follow-up. Follow-up beginning at 721 days from cohort entry (Appendix Table A4c ) provided the exposure measure that corresponded to that used in the case-cohort study. The results were essentially identical to those of the case-cohort study. Follow-up beginning at 1442 days (Appendix Table A4d ) showed no elevation of risk.
Assessment
The original case series reported by Wysowski raised the possibility that alendronate and other bisphosphonates might increase the incidence of esophageal cancer within a short time from first use. In the present study, two approaches to the analysis of esophageal cancer find no increase in risk associated with alendronate. For all bisphosphonates together, the data point to a risk elevation after two years on the order of 30 percent. Raloxifene use was associated with an immediate increase in diagnosis, but no longer-term rise. Raloxifene, which is not a bisphosphonate, does not irritate the esophagus and may have been a preferred treatment in persons with symptoms from what would later be recognized as esophageal cancer.The two study designs employed provide complementary lines of evidence. The case-cohort design offers more statistical power through the inclusion of more cases. Knowledge of starting time in the intent-to-treat analysis permits the separation of risks as a function of time, and it offers a way to avoid inappropriate statistical control for so-called intermediate variables, patient characteristics that might be a result and not a cause of treatment. With a smaller number of study subjects in the intent-to-treat analysis, it was possible to seek GP review of every case.
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Just as earlier analyses in the GPRD gave divergent results, so have studies that used Danish national records. Abrahamsen and colleagues used prescription, hospital and mortality data to examine 30,606 women age 50 and older that received alendronate from 1996 through 2005 [17] . By comparison to a fourfold larger comparison group, alendronate users experienced no higher risk of esophageal cancer through a median follow-up of 3.5 years. In contrast, using apparently the same data sources, Vestergaard identified 55,090 women who used alendronate for a mean of 2.8 years and 39,724 who used etidronate (5.5 years) [18] . Women in both groups experienced a nearly two-fold increase in risk of esophageal cancer over controls.
Points of special concern in conflicting results from the same data relate to study design. The most tractable questions relate to onset timing. Since bisphosphonates can irritate the lower esophagus, they may lead to early evaluation and diagnosis of pre-existing esophageal tumors. Physicians may also selectively avoid giving these drugs to people who already have esophageal symptoms, including people at high risk for esophageal cancer because of reflux disease and possibly some with undiagnosed esophageal cancer. The resulting tangle makes risk in the first years of bisphosphonate use uninterpretable in observational studies, and it was for this reason that we focused from the beginning on cancers occurring at least two years after first drug use.
